HOLD 
THAT 
WATER! 


By EpwarpD E. BAUER AND GEORGE W. HOLLON* 


“WHAT ARE THE FACTS regarding extra water that 
is often added to concrete to make it easier to 
handle? I just can’t understand these engineers,” 
says the man who must handle the freshly-made 
concrete. They want the concrete kept wet during 
curing, but when I’m trying to get it out of a 
truck, they say to leave the water out. I really 
don’t believe they mean to be unreasonable, but 
why do they make it so hard on my back?” This 
is a typical dilemma for a number of people who 
are handling concrete without knowing the facts. 

Quality concrete is the kind of concrete we are 
all interested in. What is quality concrete? Quality 
concrete is concrete that has been properly de- 
signed, produced, placed, compacted, finished and 
cured. The designing of the mix involves the 
selection of suitable materials and the determina- 
tion of the proper amounts of each to perform 
a given function. Production must be well con- 
trolled so that the concrete is uniform within the 
batch as well as from batch to batch. Uniformity 
within the batch must be secured while the con- 
crete is in the mixer; once the concrete is out of 
the mixer most placing, compacting and finishing 
Operations tend to produce varying degrees of 
non-uniformity—a sort of unmixing of the con- 
crete, as it were. Inclusion of additional amounts 
of water almost inevitably means that the con- 
crete for that particular job can’t be properly 
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For those who really want light 
on the subject, here Is a lucid 
explanation of the crucial role 
of water in the performance and 
over-all economics of concrete 


construction. 


classed as quality concrete. 

There are many items in the various stages of 
the whole process that may be varied, or may be 
out of line with “good practice,” so that the con- 
crete may not be designated as quality concrete. 
Each batch of coarse aggregate, fine aggregate, 
cement and water must be accurately weighed and 
must be adequately mixed so that a uniform mix- 
ture is obtained. In the placing of the concrete, 
care must be exercised not to permit the concrete 
to segregate, thus permitting the larger pieces 
of aggregate to be deposited in one place and all 
the mortar in another location. A certain amount 
of compaction is necessary in most instances but 
when the amount of compactive effort becomes 
excessive there is segregation and the concrete 
loses some of its quality. Finishing operations 
at the proper time and adequate curing are also 
essential in the making of quality concrete. 

Concrete is an engineering material; when han- 
dled properly it will produce a durable, lasting 
structure. When handled improperly, it will often 
scale, disintegrate or deteriorate readily. In a few 
hours after casting, concrete will set and take 
the shape of the form in which it is placed. This 
change from the plastic to the solid state is what 
confuses most people regarding the amount of 
water to be used in making the concrete. 

If water is added while the concrete is still 
plastic, or if too much water is used in mixing 
the concrete, the space which was occupied by 
this extra water will be void space since the addi- 
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tional water will have evaporated. If the water 
were not present in the beginning the concrete 
would not occupy as much space and the volume 
of voids would be smaller. 

This can best be illustrated by looking at Figure 
1 where two cement cylinders are shown in bal- 
ance on a scale. The cylinder on the left was 
made with 9 gallons of water per sack of cement 
and the picture shows that it occupies a large 
amount of volume. The cylinder on the right 
was made with only 4 gallons of water per sack 
and it occupies a much smaller volume. In both 
cases the amount of cement used in making the 
cylinders was identical. The excess water has 
evaporated and this is the reason the two cylinders 
are of equal weight. Concrete made with 9 gal- 
lons of water per sack of cement would also be 
porous, similar to the cylinder on the left. Con- 
crete made with 4 gallons of water per sack on 
the other hand would be very dense and durable. 

Cement cylinders made with 4, 5, 6, 7, 8, and 9 
gallons of water per sack of cement are shown in 
Figure 2. No aggregates were used in making any 
of the cylinders designated cement cylinders. 
Again it can be seen that the volumes of the 
cylinders increase as the number of gallons of 
water increases. Since all of the cylinders have 
the same weight, the tallest cylinder contains the 


Figure 1: Two hardened neat cement cylinders made with 
different amounts of water for the same amount of cement 


9 GPS. 


largest volume of air voids, whereas the shortest 
cylinder has the smallest volume of voids. 

Concrete may be considered as a combination 
of aggregates and a cement paste. The cement 
paste is composed of cement and water and is 
the material that binds the particles of aggregate 
together. The binding action stems from the 
cement when it is mixed with water. The amount 
of water. actually combining with the cement in 
the hydration process is of the order of 3.0 gallons 
per sack. Much more mixing water than this is 
needed to produce concrete that can be properly 
placed and finished, but all the water used over 
and above that needed for hydration of the cement 
tends to dilute the paste, producing a product 
of lower quality. 

Strength is indicative of quality. When the 
paste portion of the concrete is made with a low 
quantity of water, say 4 to 5 gallons of water per 
bag of cement, concrete strengths may be of the 
order of 6,000 pounds per square inch. On the 
other extreme, if 9 gallons of water are used per 
bag of cement, the strength may be as low as 2,000 
pounds per square inch, or even lower. The amount 
of water used in concrete per bag of cement is a 
major factor in the strength of the resulting 
concrete. 

Durability is another very important quality for 


are shown in balance on the cross arm, indicating that 
they are of equal weight. 





STRENGTH, PS. 


COMPRESSIVE 


WATER~CEMENT RATIO, GPS. 


Figure 2: Hardened neat cement cylinders of equal weight 
made with varying amounts of water per sack of cement. 
Heavy black line indicates decreasing strength with in- 
creasing water-cement ratios. 


concrete to possess. Here again the amount of 
mixing water per bag of cement has a direct 
bearing on the durability of concrete. Durable 
concrete has the ability to resist the action of 
freezing and thawing and wetting and drying to 
which it is subjected in northern climates. If the 
concrete contains large encugh void spaces, water 
may fill these spaces. If the spaces are full when 
freezing takes place, the expansion of the water 
when it freezes will cause the concrete to fail. 
Water expands from 7 to 9 percent when it freezes 
and exerts a force greater than the tensile strength 
of concrete. Individual void spaces in the paste 
decrease in size as the amount of mixing water 
per bag of cement decreases. At about 6 gallons 
per bag the size of the void spaces becomes suffi- 
ciently small to resist the ready intrusion of water, 
with the result that the concrete may rarely be- 
come saturated. In the unsaturated condition 
there is void space into which the freezing water 
may expand, thus reducing or eliminating the pos- 
sibility of disintegration due to this cause. 

Tests on mortar specimens to determine a given 
weight loss of 2 percent have shown that 6 gallons 
of water per bag will withstand 200 cycles of 
freezing and thawing, whereas mortar specimens 
made with 8 gallons of water per bag will with- 
stand only 80 cycles of freezing and thawing be- 
fore the weight loss of 2 percent is obtained. In 
general, the maximum volume of water per bag 
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of cement should not exceed 6 gallons when the 
concrete is to be exposed to weathering in the 
midwestern section of the United States. 

Forty-three years ago when Duff A. Abrams 
stated his well known water-cement ratio law 
concerning concrete strengths, there was no real- 
ization of the important part water has in the 
making of quality concrete. In the years preced- 
ing 1918 there had been cycles of wet concrete 
and dry concrete. It was reasoned during a dry- 
to-wet trend that if a little additional water was 
good for the concrete, more would be better. Then 
it would be realized that the concrete was too 
wet and a trend to dry concrete would develop 
and continue until the concrete was too dry. 

Commissioned in 1915 to make a study of the 
various factors having a bearing on the propor- 
tioning of concrete, Abrams reported after testing 
about 50,000 specimens that “with given materials 
and conditions of test, the quantity of mixing 
water used determines the strength of the concrete, 
so long as the mix is of a workable plasticity.” 

In the decade following the publication of 
Abrams’ water-cement ratio strength law, there 
were many who questioned its validity. Abrams 
had used for his cement a mixture of four brands 
available in the Chicago area. The aggregates 
were sand and gravel from Elgin, Illinois. When 
other materials are used under different condi- 
tions, it is not unreasonable to expect that the 
strengths secured may be different from those 
secured by Abrams. 

Abrams plotted his test results, strength against 
water-cement ratio. The points spread over a 
fairly wide belt but Abrams drew a smooth curve 
through the belt. Strength results secured by 
others were expected to fall exactly on the curve. 
We ask: Is this reasonable? Abrams did not put 
any numerical values in his statement of the law 
and we feel that any attempt to establish an exact 
relationship between strength and water-cement 
ratio for any and all combinations of materials 
and under all conditions of testing is unwarranted. 

Following this early questioning of its validity, 
there has been general acceptance. During this 
period, however, five types of non-air-entraining 
and three types of air-entraining portland cement 
have come into general use. In addition use of 
admixtures in concrete for a variety of purposes 
has become accepted practice. It is obvious that 
all concretes made with 6 gallons of water per 
sack of cement will not have the same strengths 
regardless of the materials used. 

Again the validity of the law is being questioned 
and some are going so far as to say that it should 
be written off as a bad experience. The implica- 
tion to many persons, when the validity of the 
law is questioned, is that the amount of water 
used in making the concrete is of no consequence 
and any amount therefore may be used. To the 
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authors of this article the amount of mixing water 
is just as important today as it ever was and it 
has always been highly important. 

Let us return again to the cement cylinders 
and examine the relationship between weight and 
water-cement ratio for cylinders of equal size as 
shown in Figure 3. Cylinders were made with 4, 
5, 6, 7, 8 and 9 gallons of water per sack of cement. 
All are of the same size. The height of the black 
bar behind each cylinder indicates its weight. 


Figure 3: Hardened neat cement cylinders of the same 
size made with different water-cement ratios. Height of 
the black bar behind each cylinder indicates its weight. 


WATER-CEMENT RATIO, G.RS. 


Figure 4: Hardened neat cement paste made with different 
water-cement ratios shown in glass cylinders. Note the 
increased amount of shrinkage with increased water- 
cement ratios. 


For the cylinder at the left, with 4 gallons of 
water per sack, the weight after drying is 43 
grams; for the cylinder with 6 g. p. s. the weight 
is 37 grams; while the cylinder at the right with 
9 g. p. s. weighs only 28 grams. It is obvious that 
as the amount of water per bag of cement in- 
creases, the amount of cement in a given volume 
of the cement paste decreases. Since the source 
of the strength developed by the cement paste is 
in the cement, it is important to use as little water 
as possible, thus not diluting the paste. 

Now that basic principles concerning mixing 
water have been explained, why is it important 
to place water on the concrete, or to prevent loss 
of water from the concrete, during the curing 
period? In order for concrete to develop strength, 
the cement paste must develop strength. In the 
development of this strength there is a chemical 
reaction between the cement and the mixing 
water, often called the hydration of the cement. 
This process of hydration may continue for a long 
time so it is important to retain a sufficient amount 
of water in the concrete for hydration purposes. 
Retention of water in the concrete may be accom- 
plished by maintaining a supply of water on ex- 
posed surfaces, or by use of watertight barriers 
at the surface. 

Loss of water from the cement paste immedi- 
ately after the concrete is placed may cause small 
cracks to develop in the concrete. Portland cement 
is a fine powder, so fine the individual particles 
are not visible to the naked eye. About 90 per 
cent of the particles in an average portland cement 
will pass through a sieve having 40,000 openings 
per square inch. 

For the moment let us assume that there is no 
reaction between the water and the cement. When 
water is evaporated slowly from the paste, the 
volume of the paste decreases. The surface tension 
of the water remaining in the paste draws the 
particles closer and closer together. If the paste 
is not mixed with aggregate to form concrete, 
shrinkage can take place without any cracks 
developing. 

Since there is in reality a chemical reaction 
taking place between the water and cement, it is 
important that we prevent loss of the mixing 
water in the early stages to prevent any shrinkage 
from taking place. If no shrinkage takes place 
there are no cracks in the paste and all the spaces 
between the particles of aggregate are filled. 
Shrinkage cracks in the concrete are definite 
planes of weakness and may be the beginning of 
cracks extending entirely through the concrete. 

An attempt has been made to demonstrate this 
item of shrinkage by placing cement paste con- 
taining 4, 6 and 8 gallons of water per sack of 
cement in separate glass tubes, as shown in Figure 
4. The surface area for evaporation is small in 
relation to the. volume of the paste. As a result 





shrinkage is not as much as it should be. It is 
apparent, however, that the shrinkage decreases 
with a decrease in water-cement ratio. 

The value of curing in reducing shrinkage is 
illustrated in Figure 5. Cement paste with a water- 
cement ratio of 6 g.p.s. has been placed in each of 
the glass tubes. The paste in the tube at the left 
was permitted to dry in laboratory air without 
any covering. The tube in the center was placed 
in the laboratory moist room for three days and 
then in laboratory air for 25 days. The tube at the 
right was placed in the laboratory moist room for 
28 days. Close examination of Figure 5 shows that 
the air dried cement paste has the largest amount 
of shrinkage; that the paste cured for 3 days in 
the moist room has less shrinkage; and that cured 
28 days in the moist room has the least shrinkage. 
In most cases 3 days of moist curing is sufficient to 
eliminate the possibility of shrinkage cracks devel- 
oping on job concrete. 

There is still the item of cost that must be con- 
sidered in connection with the amount of mixing 
water used. For illustration purposes, let us as- 
sume that a strength of 4,000 pounds per square 
inch is desired and that a series of trial batches 
composed of the materials to be used on the job 
indicates that the water-cement ratio to use is 
6 g. p. Ss. 

What consistency shall be used? How is con- 
sistency measured? The method in widest use 
is the slump test, with which we are sure all our 
readers are familiar. From the standpoint of cost 
of concrete, it is much more economical to place 
low slump concrete than high slump. However, 
the concrete must be workable in order to develop 
full contact with the reinforcing steel and forms. 
Full contact with the reinforcing steel is necessary 
to develop the maximum bond strength; full con- 
tact with the forms is necessary to secure a smooth 
finish on the concrete. Workable concrete, how- 
ever, does not need to be sloppy and runny; it 
can be of relatively low slump. 

Let us now consider the cost of three consist- 
encies using the 6 g. p. s. needed to produce the 
4,000 psi. mentioned above. These three consist- 
encies are shown in Figure 6. The concrete with 
the %-inch slump contains 5.45 bags of cement 
per cubic yard of concrete and costs $14.57 per 
cubic yard for the materials.. The concrete with 
the 3-inch slump contains 5.80 bags of cement 
and costs $15.11 per cubic yard. The most expen- 
sive concrete, that with the 7-inch slump, contains 
6.58 bags of cement and costs $16.32 per cubic yard. 
It must be kept in mind that all of these batches 
have a water-cement ratio of 6 g. p. s., and that 
increasing the amount of mixing water to increase 
the slump requires a proportionate increase in 
‘Cement is figured at $1.55 per sack, sand at $3.40 per cubic yard, 
and gravel at $3.80 per cubic yard. 
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Figure 5: Hardened neat cement paste made with 6 gal- 
lons of water per sack of cement shown in glass cylinders. 
Paste in cylinder at the left was not cured, while the 
one on the right was cured 28 days in a moist room. The 
one in the middle was cured 3 days in a moist room. 


Figure 6: Showing concretes with slumps of 1%, 3 and 7 
inches. 


the amount of cement. To change the slump 
from 4% inch to 7 inches requires in this case an 
increase of 1.13 bags of cement per cubic yard of 
concrete, or slightly over 1/6 of a bag for each 
inch of increased slump. Mechanical vibrators are 
handy devices for compaction of the stiffer mixes 
and are highly recommended. 

This in brief is why the water content of fresh 
plastic concrete should be kept at the minimum. 
After the concrete sets or obtains its final volume 
the added water permits the hydration process to 
continue and thus permits the concrete to develop 
its maximum strength and durability with the 
minimum of shrinkage. The lower the slump 
within the range of workability the more eco- 
nomical the concrete will be. If these basic 
principles are fully understood and practiced, 
strong, durable, economical quality concrete will 
be the resulting product. END 
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One of the anchorage blocks for the highway bridge, 
Firth of Forth, Scotland, under construction. The 42-inch 
diameter, steel tube ducts for the prestressing strands are 
shown before the final lift of concrete was placed. 



































The above-ground dead-end anchorages for the pre- 
stressing strands being levered into place. The end of 
each cable of four 1%-inch diameter strands is enclosed 
within a zinc block surrounded by a steel cylinder. 
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PRESTRESSING ANCHORAGES 
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WHEN THE RAIL BRIDGE Over the River Forth in 
Scotland was opened in 1890 it was a landmark 
in civil engineering history. By present-day stand- 
ards (with high-grade steels and precision design) 
the amount of material used for the bridge was 
enormous. Today a highway bridge is being built 
adjacent to the old one, to replace present ferry 
facilities. The new suspension bridge promises to 
be a monum€nt to just how far the material- 
saving economies of prestressing can be carried. 
When complete the bridge will have a total length 
of 3,300 feet. It will be the longest in Europe and 
the third longest in the world. 

The big problem with a suspension bridge of this 
size is one of providing the necessary anchorage. 
In the solid rock of the Firth of Forth it was found 
that prestressing could provide a simple and very 
economic solution provided that wire of the de- 
sired strength could be obtained. A British firm 
of wire manufacturers successfully developed a 


fully-galvanized high-tensile steel prestressing wire 
strand for the bridge to withstand a specified 
breaking load of 350 tons. During tests the strands 
actually broke at 381 tons. 

The anchorages for the bridge were tunneled 
240 feet into bedrock, with steel tubes 41% inches 


in diameter inserted to act as ducts for the pre- 


Stressing strands. In all 456 ducts were needed. 
Assemblies of four 14%4-inch diameter strands were 
threaded through each tube. Dead-end anchorage 
of the strands, above ground, is by means of 
massive zinc blocks enclosed within steel cylinders. 
The ends of the strands were enclosed within the 
zine blocks at the plant before shipment. Below- 
ground, live-end anchorage (where the prestress- 
ing force is applied) is provided by standard-type 


wedges. The total weight of prestressing strand 
used reached 630 tons. 


A similar method has been used to anchor the 
concrete foundations for the 505-foot high towers 
of the bridge. Each foundation was cast with holes 
for 48 single prestressing strands and the rock 
was drilled at each point to a depth of at least 
35 feet. Strands 1% inches in diameter were then 
threaded down into the rock and pressure grouted. 
Each strand was tensioned at the surface, using 
wedge grips, and the duct within the foundation 
was grouted. A total load of 9,600 tons was applied 
to the base of each tower in this way. END 















of the more frequently encountered types of cracking in concrete. 


IN SPITE OF INNOVATIONS AND IMPROVEMENTS along 
many lines, there are several problems in the con- 
crete fleld which hang on with nagging persist- 
ence. One of these is cracking. 

Cracking can be classified into two general 
types: one form appears before the concrete 
hardens; the other appears after the concrete 
hardens. In each case, and regardless of whether 
or not the structure is weakened, the cracks are 
unsightly and undesirable. 

The most common flaw showing up in newly 
placed concrete is plastic cracking. As the name 
indicates, this type of cracking shows up before 
the concrete hardens. The cracks begin to form 
soon after a slab is placed and while the concrete 
is still plastic. Plastic cracking appears most fre- 
quently on horizontal surfaces, but the cracks take 
no particular shape, direction or pattern. 

There is no mystery concerning the cause of 
true plastic cracking. The cracks show up when 
the surface of newly placed concrete dries too 
rapidly. Drying, in turn, comes about too swiftly 
when the evaporation of water from the surface 
of the fresh concrete gets out of hand. The rate 
of evaporation, as much as any other factor, deter- 
mines whether the cracks will form. 

As the concrete begins to set, water rises from 


within the mix to the surface. This process is 


known as bleeding. Bleeding keeps the surface 
damp even though evaporation takes away water 
constantly. The concrete cures properly if evapora- 
tion and bleeding are in step with one another. 
Under ideal conditions, bleeding replaces the 
moisture that evaporates. 


Evaporation is not an easy phenomenon to cope 


with. Frequently it is observed that a slab sets 
properly on one day and that @ similar surface 
cracks on another day, notwithstanding the fact 
that the same construction methods are employed 
and the same quality control measures enforced. 
The answer often proves to be a marked difference 
in the rates of evaporation on the two days. 

Four major factors determine the rate of eva- 
poration. They are (1) relative humidity, (2) wind 
velocity, (3) air temperature, and (4) the tem- 
perature of the concrete. 

Observe the weather conditions the next time 
you place concrete for a sidewalk or a floor slab. 
Then compare your observations with a similar job 
later on. You will be amazed at the correlation 
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Here is the current thinking on the cause and prevention of some 


SOME NOTES ON CRACKING 





between the extent of cracking and the kind of 
weather you observed: Cracking is most likely to 
occur on a hot, dry, windy day. 

Suppose the relative humidity drops from 90 
percent to 50 percent. With such a drop, the rate 
of evaporation increases at least five times. Mois- 
ture is literally jerked from the concrete into the 
surrounding dry air. With a drop of relative 
humidity from 90 percent to 10 percent, the evapo- 
ration rate increases nine times. 

The air temperature and the concrete tempera- 
ture also have a significant influence on the rate 
of evaporation. Evaporation doubles when the air 
temperature and the concrete temperature each 
advance from 50 to 70 degrees F. The rate quad- 
ruples with an increase in temperatures from 50 
to 90 degrees F. 

From the standpoint of comfort, a gentle breeze 
may come as a welcome relief on a hot summer 
day. But it can play havoc with newly placed 
concrete. For example, the evaporation rate in- 
creases four times with an increase in wind 
velocity from zero to 10 miles per hour. 

At times plastic cracking occurs even when the 
air is cool and the humidity is high. Under such 
circumstances the concrete temperature may be 
the cause of the trouble, since evaporation is 
bound to accelerate when the temperature of the 


concrete is higher than the air temperature. 
Since the weather pattern as reflected by air 
temperature and relative humidity cannot be in- 
fluenced, protective measures should be taken as 
a matter of routine to offset the effects of hot, 
dry air. Evaporation can be controlled. In fact, 
its control is one secret of successful concrete 


work. 

Many cracks can be avoided by adhering to one 
of the basic tenets of all good concreting: Start 
curing as soon as possible. Give the surface its 
final troweling, then proceed with whatever cur- 
ing methods seem best for the circumstances. 
White membrane curing compounds are often ex- 
cellent, but sand, wet burlap, polyethylene film, 
or light-colored paper will also usually do the job. 

Timing is always important. Faulty construc- 
tion methods may cause excessive and unnecessary 
delays in curing. Troweling sometimes can be 
speeded up without sacrificing a satisfactory 
finish. In some instances, a crew may place a con- 
siderable amount of concrete and then carelessly 
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Evaporation Rate Chart 


The graph below, published originally by the National 
Ready Mixed Concrete Association, provides an easy 
means of estimating the evaporation rate on any specific 
concrete slab in order to determine when extra care must 
be exercised to prevent plastic cracking. The dashed 
lines and arrowheads illustrate the estimation of evapora- 
tion rate under the following conditions: air temperature 
70 degrees F.; relative humidity 30 percent; concrete 
temperature 80 degrees F.; and wind velocity 15 miles 
per hour. For these conditions the chart shows an evap- 
oration rate of 0.3 pounds of water per square foot of 
slab per hour. Since the possibility of plastic cracking 
often exists when the evaporation rate is as little as 0.1 
pound per square foot per hour, it is obvious that some 
protective measures should be adopted whenever the 
estimated rate is substantially higher than that amount. 


RATE OF EVAPORATION, ib /ft2/ hr. 


SURFACE EVAPORATION FROM CONCRETE 


To estimate evaporation rate: 


1. Enter top section of chart at appropriate air tempera- 
ture and relative humidity. 


. Move right to line corresponding to the concrete tem- 
perature. 


. Move down to line approximating the wind velocity. 


. Read evaporation rate on scale, left of this point. 
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delay the curing. Such delays can easily be avoided. 

Plastic shrinkage cracking may sometimes occur 
even before final troweling. When this happens, 
early curing is of course no longer the solution. To 
avoid such cracking, consider applying a fog spray 
during the period of early hardening before a final 
troweling; or alternatively, use a wet burlap cover, 
allow the surface to harden to some extent, and 
then proceed with the troweling. There probably 
will be no cracks. 

It will always help things along to dampen the 

subgrades and forms. This additional moisture 
promotes bleeding. Aggregates should also be 
dampened, particularly if they are dry and adsorp- 
tive—a problem that need be of little concern to 
the contractor who uses ready mixed concrete. 
. It is the ready mix producer’s business to co- 
operate in delivering a mix that is appropriate 
for the existing weather conditions. When the air 
is hot and dry, avoid a mix containing an exces- 
Sively high cement content. Look with suspicion 
on a mix containing large amounts of fine 
aggregates. 

If necessary, erect wind breaks to guard against 
the drying effects of brisk winds. On some jobs, 
wind breaks may be impractical from the stand- 
point of cost. But such devices often can be put 
up with materials that are at hand and with no 
particular strain on the budget. 

Protective shelters are traditionally looked upon 
as a wintertime necessity, but under extreme con- 
ditions they can be equally valuable in the sum- 
mertime. Often a covering may be the only sure 
way to protect concrete from the hot sun, par- 
ticularly when there is a delay between placing 
and finishing operations. 

Another cause of plastic shrinkage cracking is 
known as syneresis. This is a chemical reaction in 
which the cement gel shrinks and water escapes 
rapidly. Usually cracks that occur as a result of 
syneresis can easily be erased by reworking the 
plastic concrete and closing the cracks. They 
seldom reappear. 

Many practices that eliminate drying shrinkage 
also will discourage other causes of pre-hardening 
cracking. For example, proper attention to the 
mix often prevents settlement cracking. Settle- 
ment is no particular hazard when the mix con- 
tains well-graded aggregates and low water con- 
tent. Adequate compaction is another safeguard. 

Careless formwork often results in cracking. A 
poorly designed form sometimes moves under the 
impact of newly placed concrete. Cracks then ap- 
pear. Closely tied in with this problem is the 
movement of subgrades. The subgrade must be 
firmly packed to avoid trouble. 

Contraction cracks are among those occurring 
most frequently after the concrete hardens. Tem- 
perature variations are largely responsible for 
these cracks. Ice and snow contribute to the 





= AW mee Owe -_ we 


. e ar —" 
This severe cracking in a highway pavement was attributed 


to an excessively low water/cement ratio. The mix con- 
tained only 2.4 sacks of cement per cubic yard. 


Restrained by the heavy concrete step (top of picture) 


around which it was cast, this sidewalk developed an 
unsightly crack when contraction took place. The dummy 
joint should have radiated from the corner of the step. 
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trouble. Such cracks can be avoided by the proper 
spacing of contraction joints. Make sure that all 
exterior slabs are sectioned off in reasonable 
lengths. 

Stress concentrations are another major cause 
of after-hardening cracks. Tensile cracks can al- 
most always be anticipated in reinforced concrete. 
As a rule, these cracks are objectionable only from 
the standpoint of appearance: In some instances 
however they result in structural weakness. Efforts 
should always be made to control the width of 
such cracks. 

The width of tensile cracks can be reduced by 
increasing the bond between the concrete and 
steel. Suppliers say that an improved type of 
reinforcing bar now makes a stronger bond and 
reduces the width of tensile cracks 20 to 40 per- 
cent. 

The oxidation of reinforcement bars sometimes 
leads to trouble, particularly if insufficient cover 
is provided. As the bars rust, new stresses occur, 
and the concrete begins to crack. The use of high 
quality, impermeable concrete should help. 

Chemistry also enters the picture once the con- 
crete hardens. Cracks sometimes break out in 
bridges, dams, and other mass concrete structures 
as a result of a reaction between aggregates and 
cement. The reaction causes an expansive gel to 
form, resulting in large cracks. The best way to 
avoid such cracking is to make sure that reactive 
aggregates are eliminated from the mix. Such 
cracks usually appear from six months to a year 
after the concrete is placed. , 

Builders of such massive works as bridges and 
dams have still another problem. In every job, 
they must do something to cope with the heat of 
hydration. This heat creates temperature differ- 
ences within the interior of the concrete. At the 
same time variances in the surface temperature 
add further complications. 

Temperature changes within the interior and at 
the surface create extreme tensile stresses. Unless 
they are controlled, these stresses bring about un- 
usually dangerous cracking. Such cracks are not 
only unsightly but are also an invitation to 
weathering and disintegration. 

Some engineers suggest the use of double-walled 
steel forms for controlling cracks in bridges and 
dams. Refrigerated water is circulated within the 
forms, providing a cooling system for the great 
mass of concrete. Another type of cooling system 
consists of water pipes embedded in the concrete. 

The average concrete contractor may not be 
concerned with the problems of the bridge men 
and the dam builders, and he can almost always 
get along without a refrigeration system at the 
construction site, especially if he uses ready mixed 
concrete. But if he takes pride in his work, he will. 
surely give thought to the problem of cracking. 
Cracks can be eliminated. END 
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FILE: Architectural 


LEFT: View of classroom building, 
landscaped pool and circular gym- 
nasium at Mountlake Terrace Senior 
High School, Seattle, Washington. 


BELOW: Close-up view of geodesic 
dome gymnasium. Exteriors of build- 
ings are of tilt-up concrete panels 
surfaced with crushed white marble. 


SCHOOL IN THE ROUND 


GEODESIC DESIGN and the use of concrete effected 
notable savings in the construction of Seattle’s 
new $1,768,083 Mountlake Terrace Senior High 
School. The architect credits an estimated $40,000 
savings in over-all costs to the unusual circular 
shape, and to the choice of concrete as the build- 
ing material. He explains that a circular design 
gives the smallest number of lineal feet of wall 
to enclose a given space. 

The $13.85 spent per square foot is well below 
the Washington state matching limit of $13.96 a 
square foot. The school, with 128,922 square feet 
of usable space, was built at a per pupil cost of 
$1,786.08, also below state limits. Total cost in- 
cluded a 6 percent architect’s fee, a 4 percent 
state sales tax and all additional items such as 
landscaping. 

Facilities cover 40 acres of buildings. The class- 
room buildings have 50 teaching stations. Ad- 
ministration, cafeteria, library and student room 
are in another wing separated from classroom by 
a courtyard. Shops, music building, gymnasium 
and storage areas are in another wing. 
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The gymnasium encloses 12,500 square feet of 
usable space. Had it been necessary to span this 
space in a rectangular design with the same num- 
ber of square feet, it would have required a truss 
of at least 12 inches in thickness. This greater 
thickness would have increased the wall height 
to a point where the additional square feet of wall 
space would have boosted the costs sky-high. 

Construction involved the application of exterior 
walls consisting of 6-inch thick tilt-up panels of 
concrete faced with crushed white marble to pro- 
vide an attractive, damageproof, no-maintenance 
exterior. The panels were cast at the site in 
wooden forms on pretreated floor slabs. Steel rein- 
forcement was added, the white crushed marble 
applied, and the panels were then raised into 
place by huge cranes. 

The exterior walls of the gymnasium consist of 
triangular concrete panels faced with the same 
gleaming chipped white marble. Space between 
the panels has been glassed in and in the interior 
alternate panels are painted chartreuse and blue- 
gray. END 
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CONCRETE FORMING PROBLEMS 


PROFITABLY SOLVED 


BY RENTING UNI-FORM PANELS > 


Over the years thousands of contractors have rented 
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UNI-FORM Panels to forma Ghnicrete’ ad save money 


on almost every conceivable type of job, from house 


foundations to mammoth industrial projects. Renting 


UNI-FORM Panels is simple . . . You send us a set of 


plans and we will send you a rental proposal based 


: on what you would need. You will get a tailor-made 


forming system delivered to your job. But the big 


UNIVERSAL FORM CLAMP 


@ 
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advantage is that you will be able to use a forming 
system that will out-perform any other method you 
might use. Write today for the complete story on 
UNIFORM Panels or cena us.a seks plans; either 


way we will be glad to hear from you. 


1238 N. KOSTNER AVENUE - CHICAGO 51, ILLINOIS 


BRANCH OFFICES and WAREHOUSES: 
ATLANTA BALTIMORE CLEVELAND HOUSTON 
LOS ANGELES SAN LEANDRO TORONTO 





ONE GALLON of diluted 
CON-TREAT covers 400 
sq. ft. — for less than 


HOW IT WORKS. CON- 
TREAT reacts chemi- 
cally with cement to 
form a microscopic 
film that posi- 
tively prevents 
adhesion. 

Guaranteed 

not to stain 

or weaken 

concrete 

surface. 


STRIP FORMS IN HALF THE TIME... AT HALF THE COST... WITH 


new CON-TREAT 


Here’s why concentrated CON-TREAT is your best buy in a form treat- 
ment and release agent: 


1. YOU SAVE MONEY. CON-TREAT costs half as much as other “quality” re- 
lease agents; goes three times as far as “cheaper” substitutes. Mixed 
with low-cost fuel oil or kerosene, costs less than 55¢ per gal. delivered! 


2. YOU SAVE TIME. Strip faster, and reuse forms immediately without clean- 
ing. CON-TREAT is easy to mix, easy to use. Sprays on. Concrete 
surface comes out clear, white and unstained. 


3. YOU SAVE YOUR FORMS: because CON-TREAT prevents rust and eliminates 
damage caused by constant cleaning. Special ingredient also removes 
old, hardened concrete. Equally effective on scaffolds, mixers, wheel- 
barrows and other tools. Send $1.00 for 5 gal. trial order. E-10 


EDICK LABORATORIES, INC. wimecccs 3 '%ticsnsin 


fe Peet 
COLORS 


ECONOMICAL—costs very little 
extra per square foot... 
DURABLE—color all-the-way through 
the concrete... 
PERMANENT—to weather and 
sunlight .. . 


For further information and color card write to 


FRANK D. DAVIS CO. 
3285 E. 26th STREET LOS ANGELES 23, CALIF. 
eastern office: 
450 METUCHEN RD. 
SOUTH PLAINFIELD, N.J. 


problem 
clinic 


surface carbonation 


Question: What is the best way 
to protect concrete floors against 
surface carbonation when heat- 
ers must be used in cold weather? 


Answer: Concrete Construction 
reported on this problem in some 
detail in the October 1956 issue, 
page 2. These three specific rec- 
ommendations were made: (1) 
Use temporary heaters which do 
not allow combustion gases to 
contaminate the air. (2) If un- 
vented heaters must. be used, 
protect the concrete with mem- 
brane curing, making sure that 
the surface is completely sealed. 
Burlap, for example, may not 
provide sufficient protection 
against carbonation. (3) Exhaust 
combustion gases outside of en- 
closures whenever salamanders 
or unvented heaters are used. 


wear resistance 


Question: What are the factors 
which affect the resistance of a 
concrete floor to wear? 


Answer: Wear resistance is lin- 
early proportional to compressive 
strength within the range of 
3,000 to 6,000 psi; at strengths 
below 2,500 psi wear resistance 
reduces very rapidly. Aggregates 
for a wear resistant floor should 
be tough, hard and dense. Wear 
resistance increases with time of 
curing up to a maximum of 
about 30 days, and with drying 
up to as long as 40 days. Certain 
materials, such as magnesium 
filuosilicate, zinc fluosilicate, so- 
dium silicate, aluminum sulfate 
and zinc sulfate, as well as a 
number of proprietary com- 
pounds, are also used as floor 
hardeners. ! 





Designed for stiffer concrete mixes commonly encountered on 
structural concrete jobs. New Gar-Bro General Purpose Buckets pro- 
vide fast, thorough discharge. ..easier loading... positive gate control. 

New! Extra large, double clamshell gates and steep side slopes 
accommodate lower slump concrete mixes. Vertical center discharge 
eliminates segregation of the mix. Low loading heights (under 60”) 
for Gar-Bro Buckets of two cubic yard capacity or less permit 
direct loading from most ready-mix trucks. 

Gate control is easy and positive. Gates are non-jamming, grout- 
tight and self-closing. Buckets are equipped with manual gate control. 

Eight bucket sizes range from % to 4 cubic yards rated capacity. 
Buckets can be equipped with rubber accordion hoppers or steel 
sub-hoppers. 


Model "'D” Buckets 


Now in five sizes—1 to 4 cu. yd. rated capac- 
ities. Heavy duty, manually operated buckets 
for dry, low-slump concrete with large aggre- 
gate (up to 6”). Meet U.S.E.D. 3 to 1 ratio 
specifications. Air-operated models available. 


See your Gar-Bro dealer today— 
or write for complete information. 


Gar-Bro Mfg. Co., Los Angeles, California * Peoria, Illinois 
General Offices: 2415 E. Washington Blvd., Los Angeles 21, California 


The World’s Most Complete Line! 
a CONCRETE HANDLING 
EQUIPMENT 
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sidewalk pitch 


Question: How much pitch for 
drainage purposes should be built 
into a standard sidewalk, and 
what is the best way of providing 
for it? 


Answer: From % to % inch is 
generally considered adequate. 
This amount of pitch can best be 
provided by simply setting the 
form higher on one side than on 
the other. 


settlement cracks 


Question: What measures can be 
taken to prevent the formation 
of settlement cracks at the top 
corners of beams, doors and win- 
dows above columns? 


Answer: Probably the best pre- 
caution is to interrupt the placing 
of concrete at the tops of the 
columns for about two hours to 
permit settlement to take place 
before casting beams. 


 Darex Diary 


by Mel Prior 
Member, American Concrete Institute 
Technical Service Manager, Construction Chemicals 


[GRACE | W R. GRACE 4 CO./ DEWEY AND ALMY CHEMICAL DIVISION 
Cambridge 40, Mass. + Chicago 38, Ill.+ San Leandro, Calif. + Montreal 32, Canada 


(No. 22 of a series) 


A Look at Structural Lightweight Concrete 


GGREGATE USED for structural 
lightweight concrete has been 
available for over 40 years. Until 
recently, however, it has not been 
used extensively by the concrete in- 
dustry and there is still much to be 
learned before its maximum poten- 
tial can be realized. 

The nature‘of this type of aggre- 
gate is such that it is virtually un- 
heard of to use it without chemical 
admixtures. It is inherently angular 
and porous, requiring a relatively 
large quantity of paste and/or water 
for efficient handling and placing. 

From the time lightweight aggre- 
gates were first introduced for struc- 
tural purposes, investigations in- 
dicated that air entrainment was an 
absolute necessity for lubricating 
the mix and maintaining a minimum 
water/cement ratio. Air entrain- 
ment permits the aggregate to move 
more readily within the mix by mini- 
mizing particle interference. How- 
ever, this is only one phase of the 
problem since the mix plasticity is 
also affected by the paste. 

More recent research has led to 
the recommended use of water- 
reducing admixtures, as well, in 
lightweight concrete. Such admix- 
tures provide the advantage of plas- 
ticizing the paste with a minimum 
quantity of water. The relatively 
high bleeding tendency of this type 
of concrete is thus further reduced. 

Since air content is an important 
factor in lightweight concrete it is 
necessary to make frequent air de- 
terminations. The volumetric meth- 
od, ASTM Designation C 173-58, 
sometimes referred to as the Roll-A- 
Meter method, has proved to be the 
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most satisfactory procedure. The 
added air is measured without inter. 
ference from the air which may al- 
ready be trapped in the pores of the 
nonsaturated porous aggregate. The 
need of a correction factor which a 
pressure type meter would entail is 
thus eliminated. 


Roll-A-Meter for 
measuring entrained 
air in lightweight 
aggregate concrete. 
Distributed by 
Charles R. Watts &. 
Co., Seattle, Wash. 


On performance, DAREX AEA 
Air Entraining Agent and WRDA 
Water-reducing Agent have come to 
be regarded as essential ingredients 
in top grade lightweight aggregate 
concrete. 

The combination of these admix- 
tures reduces the water requirement, 
thereby reducing bleeding and vol- 
ume change due to drying shrinkage. 
At the same time, strength is in- 
creased with no increase in density. 
Finishing operations can be started 
with a minimum delay and yield will 
be more realistic. 


silicone treatment 


Question: Does treatment with 
Silicones have any major effect 
on the resistance of concrete to 
weather and ice-melting chemi- 
cals? 


Answer: There is mounting evi- 
dence to indicate that silicones 
are beneficial. Most of the curb- 
ing on a New York state highway 
bridge was treated with water 
soluble sodium methyl siliconate 
at an optimum concentration of 
2 percent silicone solids. Two 
years later this non-air-entrained 
concrete showed no signs of spall- 
ling in the treated sections, while 
the untreated control section was 
heavily spalled. 

Silicone treatment also has a 
valuable safety feature, since it 
keeps the light refiectance of wet 
concrete very close to that of dry 
concrete, as compared with the 
35 to 50 percent reduction which 
takes place when untreated con- 
crete becomes wet. The accom- 
panying photograph, taken dur- 
ing a rainstorm, shows how the 
Silicone-treated portion of a 
bridge deck rejected moisture 
while the untreated portion at 
the left of the picture became 
dark and watersoaked. 


progressive popping 


Question: What is the most likely 
cause of progressive popping of 
a concrete slab while spalled ma- 
terial js being removed in prepa- 
ration for resurfacing? 


Answer: This condition usually 
occurs because of the redistribu- 
tion of stresses in the slab as 
damaged material is being re- 
moved. The recommended prac- 
tice is to shore up the slab before 
repair work is started and to 
keep the shoring in place until 
the new surface has been com- 
pletely cured. 





od 


Operational Missile centers at Offutt Air Force Base. 
J. Hilding Johnson, Inc., Gary, Indiana, contractor. 


Symons Steel-Ply Forms 


Solve Missile Base Problems 


Winter weather didn’t stop J. Hilding Johnson, 
Inc., Gary, Indiana, contractor for the three opera- 
tional Missile centers at Mead and Arlington, 
Nebraska, and at Missouri Valley, lowa. Subbing 
36,000 cubic yards of concrete work from prime con- 
tractor Malan-Groves, Johnson was prepared for 
winter, and shoved ahead its construction schedule 
to a 24-hour around-the-clock basis. 

Symons Steel-Ply Forms were used to facilitate 
speedy construction and solve other contract 
problems. 


Cut Over-All Costs 


Direct number of carpenter hours in the field were 
reduced and administrative-wise, there were about 
25 percent fewer men on which to issue checks, keep 
time records, and other necessary details. 


Flexibility was Big Advantage 


If weather interfered with a pour scheduled down 


‘ ait ae 3 ¥ sh aa. * fat . ck 
Symons Steel-Ply Forms again prove their adaptability for 
circular forming. 
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in a hole, forming and concrete work still could pro- 
ceed at some other location above ground. 


Triple-Row Bracing or External 
Waling Eliminated 


The corps of engineers required triple-row bracing 
or external waling on both sides. However, the corps 
gave permission to try one 25-foot-high wall, braced 
only on one side. Based on results, permission was 
given to use the system on the remaining work. 
Many man hours were saved. And the method cut 
weeks off the over-all construction schedule. 


Eliminated Congestion At Job Site 


Eliminating yard congestion at the job site was 
important, particularly during rainstorms and dur- 
ing the freeze-thaw cycles of early winter. 
Complete Job Story on Request 


There’s much more to this job that was completed 
in 10 months rather than 2 years under normal con- 
ditions. Complete Offutt Air Force Base Story will be 
sent on request. Symons Steel-Ply Forms are rented 
with purchase option. 


_SSynms CLAMP & MFG. CO. 


4271 Diversey Avenue Dept. H-1 Chicago 39, Illinois 
Warehouses throughout the U.S.A. 


MORE SAVINGS FROM SYMONS 
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Richmond 


ANCHORS 
for false work 
support brackets 


2&4 
STRUT TYSCRUG 
for piers & walls 


High Tensile 
Systems 

for indeterminate 
conditions 
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>” CONTINUOUS 
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SPLICER 


REDUCING 
SPLICER 


TYSCRU 
BUSHING 


Most Tunnel 
Contractors use 


Richmond 
Products 


In tunnel work, where time is money, contractors 
have come to rely on Richmond to help them save 
both. Richmond-engineered products are often a 
major factor in the profit picture. 


You buy 50 years of experience in the development 
of products for concrete construction when you 
specify ‘“‘Richmond’’. Bulletin No. 9 of our NEW Hand- 
book describes our full line of products for tunnel 
forming. Write for your copy or help with any speci- 
fic concreting problem. There are more than 25 
Richmond Field Engineers, in addition to a service 
network of more than 500 Richmond Dealers, always 
ready to help you. 


1911-1961 50 YEARS OF PROGRESS 


| aan mond 


eae TP a 


INSIST ON RICHMOND 
AND BE SURE IT'S RICHMOND 


~~ 


MAIN OFFICE: 616-838 LIBERTY AVE., BROOKLYN 8, N. Y. 
SALES OFFICES, PLANTS & WAREHOUSES: FT. WORTH, TEX. 
ATLANTA, GA. - LAUREL, MD. - ST. JOSEPH, MO. - WALTHAM, 


MASS. IN CANADA: ACROW-RICHMOND, ORANGEVILLE, ONT, 
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elephant trunks 


Question: Are there standard 
manufactured “elephant trunks” 


for placing concrete in narrow 
walls without segregation? 


Answer: Gar-Bro Manufacturing 
Company, 2415 East Washington 
Boulevard, Los Angeles 21, makes 
rubber trunks up to 30 feet in 


length and in 8-, 12-, 16- and 20- 
inch diameters. 


cores with steel 


Question: What effect would the 
presence of reinforcing steel have 
on the compressive strength of 


a concrete core? 


Answer: Steel in a horizontal or 
nearly horizontal position would 
probably tend to result in a lower 
compressive strength test. Cores 
containing steel should be re- 
jected whenever possible. 


steepness of belts 


Question: How steeply may a 
conveyor belt for concrete be in- 
clined without seriously reducing 
its capacity? 


Answer: The slump of the con- 
crete is an important factor. 
With a slump of 2 inches or less 
the incline may be as much as 
24 degrees; for 6-inch slump 
concrete the downhill flow of the 
material would probably be ex- 
cessive for angles over 12 degrees 
with the horizontal. 


pyrite in aggregate 


Question: Is the presence of py- 
rite in an aggregate likely to be 
injurious to concrete? 


Answer: The presence of an ap- 
preciable amount of pyrite (iron 
disulphide) is undesirable, since 


this compound readily decom-, 


poses into weak products such 
as iron’ sulphate and limonite, 
along with the: formation of sul- 
furic acid. 


Only 
Maginniss 


ial - Loatedo 


VIBRATOR 


gives you these... 


Plus BENEFITS 


Smaller, lighter head than com-) 
petitive models. 


* 
Designed for concrete jobs such 
as floor slabs, footers, curbs, 
gutters and thin wall culverts. 


* 
Operates on any 115 volt, DC or 
50/60 cycle AC, current. 


oe ‘ 
Portable—completely self-contain- 
ed—can be carried in car trunk or 
truck tool box. 


No motor servicing or adjustment 
problems—Cartridge type motor 
quickly removed for low-cost 
trade-in replacement. 


* 
Has built-in thermostat to protect 
it from overheating. 


WHERE TO USE IT: 


Bridge footers, 
and decks 
Building footers, 
floors 

Sidewalks 
Driveways 

City Concrete Maintenance 
County Concrete Maintenance 
State Concrete Mainterrance 


piers, columns 


columns and 


Find your nearest 
distributor in the 
Yellow Pages. 


H/- ~LECTRIE 


POWER 
TOOLS 


MAGINNISS POWER TOOL co. 
154 Distl Avenue BY e 
Mansfield, Ohio S 
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cement PTR Le manual 


ALBUQUERQUE, N.M. DES MOINES 9, IOWA MILWAUKEE 2, WIS. 
120 Madeira Drive, NE 408 Hubbell Bidg. 735 North Water St. 
ATLANTA 3, GA. HELENA, MONT. MINNEAPOLIS 2, MINN. 


AUSTIN 1, TEXAS HONOLULU 13, HAWAII NEW ORLEANS 12, LA. 
110 East Eighth St. 688 Alexander Young Bidg. 611 Gravier St. 

BALTIMORE 2, MD. INDIANAPOLIS 4, IND. NEW YORK 17, N.Y. 
512 Keyser Bidg. 612 Merchants Bank Bidg. 250 Park Ave. 


1214 South 20th St. 811 Home Savings Bidg. 1607 First National Bidg. 
BOSTON 16, MASS. LANSING 23, MICH. OMAHA 2, NEB. 


CHICAGO 2, ILL. LOS ANGELES 17, CALIF. ORLANDO, FLA. 
111 West Washington St, 816 West Fifth St. 1612 East Colonial Drive 
COLUMBUS 15, OHIO LOUISVILLE 2, KY. PHILADELPHIA 2, PA. 
50 West Broad St. 805 Commonwealth Bidg. 1528 Wainut St. 
DENVER 2, COLO. MEMPHIS 3, TENN. PHOENIX 4, ARIZONA 
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(mall to nearest district office) 


Please forward my copy of “‘Cement Mason’s Manual for Residential Construction.”” 


PORTLAND CEMENT ASSOCIATION A national organization to improve and extend the uses of concrete 


507 Mortgage Guarantee Bidg. Mezzanine—Placer Hotel 1490 Northwestern Bank Bidg. 1401 State Planters Bank Bidg. 


BIRMINGHAM 5, ALA, KANSAS CITY 6, MO. OKLAHOMA CITY 2, OKLA. SEATTLE 1, WASH. 


20 Providence St. 900 Stoddard Bidg. 720 City National Bank Bidg. 234 West State St. 


721 Boston Bldg. 815 Falls Bldg. 2727 North Central Avenue sCanadian residents outside Brit- 


NEW MANUAL 
SHOWS PROVED, 


MODERN METHODS 
for top-quality 
concrete flatwork 


A storehouse of useful information 
for beginners and a productive 
refresher course for others. That’s 
PCA’s new “Cement Mason’s 
Manual for Residential 
Construction.” 


It covers everything from quality 
concrete mixes and aggregate 
selection to special surface finishes 
such as exposed aggregate and 
random-scored keystone. Proper 
use of all concrete tools is illustrated. 
So are rules on hot and cold 
weather concreting. 


Fill out the coupon for your copy 
today! (U.S. and Canada only.) 


PORTLAND 3, MAINE 
142 High St. 
RICHMOND 19, VA. 


ST. LOUIS 1, MO. 
913 Syndicate Trust Bidg. 
SALT LAKE CITY 11, UTAH 
304 Executive Bidg. 


903 Seaboard Bidg. 
TRENTON 8, N.J. 


*VANCOUVER, B.C., CANADA 
Room 305—1687 West Broadway 
WASHINGTON 4, D.C. 
837 National Press Bidg. 


ish Columbia, mail requests to 
33 W. Grand Ave., Chicago 10, Ill. 





anew concept in 


snow men 


for asphalt or concrete 
walks, steps, driveways 


with CHROMALOX 


electric snow-Dar 


Now clear snow and ice from all asphalt, 
macadam and concrete surfaces with 
Chromalox Tubular Thermwire Snow- 
Bar—new metal-sheathed defrosting ele- 
ments rugged enough to withstand the 
over 300° F. pouring temperature of hot- 
pack asphalt. Either preformed heat 
patterns or soft-annealed coils available 
for easy adaptability to any residential, 
commercial, farm or industrial use. 

Economy is yours from original cost 
(less than any known snow melting de- 
vice) to operating cost (as low as 15¢ per 
hour for clearing wheel tracks on a 50- 
foot driveway!) And there is no mainte- 
nance! Write for Data Sheet ; 
M60103 for full specifications |°._ 
and name of nearest dealer. 


tation wus 


‘\W7: CHROMALOX 
ELECTRIC HEAT 


EDWIN L. WIEGAND COMPANY 
7779 Thomas Boulevard, Pittsburgh 8, Pa. 
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products 


miniature truck crane 


An authentic scale miniature of 
the world’s largest truck crane 
is now offered by the manufac- 
turer. With an apparent eye on 
the next generation of heavy 
equipment men, the firm also 
offers a scale miniature of a 
power shovel. The reproductions, 
made by the Lionel Corp. of New 
York, include such details as 
sliding outrigger beams and jack- 
floats for the truck crane. In 
addition, the truck crane replica 
has a revolving operator-engine 
cab, tandem axles with dual 
wheels, and a realistic folding 
boom. The shovel has revolving 
tracks and upper cab unit, plus 
a movable boom and dipper 
sticks.. Available from the Ad- 
vertising Dept., Construction & 
Mining Div., Harnischfeger Corp., 
4445 W. National Ave., Milwau- 
kee, Wis. 


portable concrete vibrator 


This new compact electric con- 
crete vibrator is specifically de- 
signed for use on small pours. 
This portable vibrator, with a 
standard shaft length of six feet, 
is powered by a % horse-power 
motor delivering up to 10,000 
vpm. It is recommended by the 
manufacturer for use in hard-to- 
reach areas and small jobs where 
large equipment might be im- 
practical. Marvel Equipment 
Corp., 215 Eagle Street, Brook- 
lyn 22, New York. 


Grates 


WEDGE-LOCK 


FORMING SYSTEM 


* Rigid strength for heavy, high 


wall construction. 


* Versatile and economical for 


lighter projects. 
WEDGE-LOCK 


The steel dye-stamped bracket fea- 
tures strength, durability and light 
weight. Panels stack easily and there 
is no need to remove stiff-back to 
add ties or adjust brackets. Brackets 
are opened and closed with a car- 
penter’s hammer... no special tools 
are required. 


Scaffold brackets can be attached 
to any row of ties even after forms 
are removed. 


See your local Gates dealer or write 
for complete details on all Gates 
Systems. 


GATES & SONS, Ine. 


80S. Galapago * Denver 23, Colo. 





SLAB CONNECTION 


SLAB-COLUMN CONNECTION 


PHOTOS THROUGH COURTESY OF TISHMAN RESEARCH CORPORATION, NEW YORK, N. Y., DESIGNERS AND DEVELOPERS OF TIERPARK GARAGES 


5000 psi 
in sixteen hours 
with SIKA SET 


Grout and dry pack mortar with rapid strength development and 
minimal shrinkage is essential for the fast erection of the new Tier- 
park Parking Structures developed by Tishman Research Corporation. 
Composed of only three elements — slabs, columns and ramps — 
a Tierpark structure is erected within a matter of days. 


Mix proportions for high strength grout and dry pack mortar were 
developed at the Sika Concrete Laboratory. Sika Set liquid, diluted 
1:3, added to the dry pack produced compressive strengths exceed- 
ing 5000 psi at sixteen hours. Sika Set, diluted 1:4, added to the 
poured grout produced compressive strengths exceeding 3000 psi 
at sixteen hours. Proportions of 1 part Type III cement to 1-1/2 
parts sand were used. 


Structural concrete was initially retarded by the use of Plastiment 
Retarding Densifier to facilitate finishing — with rapid strength gain 
as an added bonus to the manufacturer of the precast, prestressed 
elements. 


For full details on Sika Set Shrinkage Reducing Accelerator and 
Plastiment Retarding Densifier ask for your copies of SET-661 and 
PCD-59. Offices and dealers in principal cities, sixteen affiliate 
manufacturing companies around the world. In Canada, Sika Chem- 
ical of Canada, Ltd.; in Latin America, Sika Panama, S. A. 


SIKAaA CHEMICAL CORPORATION 
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HOW TO GRIND 
CONCRETE CEILINGS 


More and more building specifications require 
finely finished concrete ceilings. Because of this 
new requirement, Stow Manufacturing Co. has de- 
veloped the Stow CG Ceiling Grinder—a special 
machine designed to grind off form marks and fins, 
cut off nails and smooth the entire surface. 


With this machine, one man can average 4,000 
square feet per day. Simple to operate, it pushes 
along like a baby carriage. ; 


All models have a 1 HP totally enclosed motor 
operating at 3450 RPM. The disc is a 9” Bayflex 
of cotton fibrous material with a silicon carbide 
abrasive bonded with resin. 


Two models are available: 


CG 10—for ceilings 8 to 10 ft. high 
CG 18—for ceilings 10 to 18 ft. high 


Also Available With Gas Engine 


Stow Manufacturing Co. also makes a complete 
line of portable electric flexible shaft grinders for 
both wet rubbing and dry grinding walls. For more 
information on the Stow CG Ceiling Grinder and a 
copy of Stow’s “Grinding Concrete” pamphlet, 
which gives the proper speeds for both wet rubbing 
and dry grinding, contact your Stow distributor or 
send in the coupon below. Stow also makes a 
complete line of concrete vibrators, rotary trowels 
and screeds. 


| STOW MANUFACTURING CO. 
| 354 Shear St., Binghamton, N. Y. 


| Please send me your pamphiet, “Grinding Concrete.” 


| Name... 


coating for surfaces 


Designed for spray application 
to cover defects on masonry sur- 
faces, this coating primes, fills 
and textures. It can be used on 
exteriors or on interiors below 
grade, can be mixed integrally 
with masonry paint or painted 
after application. Western Min- 
eral Products, 4725 Olson Memo- 
rial Hwy., Minneapolis 22, Minn. 


paving compound 


A bituminous patching and pav- 
ing compound is said to adhere 
readily to concrete and other 
paving surfaces even when ap- 
plied outside in rain or freezing 
weather. No special surface prep- 
aration or primer is required. 
The surface is merely flushed 
with water to remove dust and 
debris, and the material spread 
and tamped or rolled. It sets by 
compression, and is ready for the 
heaviest traffic immediately, ac- 
cording to the manufacturer. 
Paramount Industrial Products 
Co., 2717 E. 75th St., Cleveland, 
Ohio. 


compactor 


Effective for compacting many 
types of soil, this compactor per- 
mits compacting against abut- 
ments, in trenches and in other 
working areas of limited space. 
Weighing 120 pounds, it features 
a lifting eye, carrying handle, 
rewind starter, and centrifugal 
clutch for easier starting. Master 
Vibrator Co., 1752 Stanley Ave., 
Dayton, Ohio. 


SURE CURE 
FOR 
CONCRETE 


Prevents cracks too! 


THOMPSON'S 
WATER 
SEAL 


— Gives smooth, 
hard uniforn fin- 
ish that’s dust- 
proof, ready for 
painting. Also 
use to water- 
proof concrete. 
Deep penetrat- 
ing, colorless. 
Saves labor. 


Buy From Your Favorite Supplier 


E. A. THOMPSON CO., INC. 
San Francisco 


Phone UNderhill 3-1963 


SYMONS 
Sta) ite <o 


Pullout hole 
for easy 
removal 


Can Be 
Reused 
indefinitely 


Drives easily into 
hard earth. Can be 
used for practically 
any type of stake 
work. This popular 
item is available 
in 12”, 18”, 24”, 
30”, 36” and with minimume 
42” sizes. deflection 


_ <> Synms 


SYMONS CLAMP & MFG. CO. 

4271 Diversey Ave., Chicago 39, Ill., Dept. H-1 
We will send contractors a sample 12”, 18’ 
or 24" stake if request is received on com- 
pany letterhead. Please include 50c for 12", 
75¢ for 18’, 95¢ for 24’ to cover cost of 
postage and mailing. 


Easily secured 
to lumber— 
can be nailed 
every 1” 0.C. 


"1" beam design 
drives easier, 
holds best 


Hi-Carbon 
Alloy Steel 
tough to bend 


Rugged point 


ORR aterceenpeeresteneeenieniieremeoe 
SO catia tiatiyeaeencteitaiiata latipes aiaeiictaeaiicsiattii 
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femoulded, 


TRADE MARK 


VAPOR SEAL 


Swift and Company Packing Plant, Wilson, North Carolina. ARCHITECT: Swift and Co. Staff. CONTRACTOR: F. N. Thompson, Ince. 


... @liminates the 
possibility of moisture 
migration into the 
new Swift Packing Plant 


went oR REFUND 
mee * - D> 


Guaranteed by 
Good Housekeeping 
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if all the ““PM”’ sold to date were laid end to end 
it would cover a path from Elgin, Illinois, to 
Sydney, Australia, over 9000 miles away. 


In an attempt to eliminate moisture migration into the structure 
the construction industry has tried many products. Some proved 
partially effective . . . many failed . . . one has emerged as the 
“quality” product or true vapor seal—‘‘Premoulded Membrane.” 
Daily more and more architects, engineers and contractors are 
specifying and using ‘““PM” wherever good design practices call 
for the modern, efficient method of eliminating moisture migra- 
tion into the structure. “PM” is waterproof; offers a water-vapor 
transmission rating of only .0066 grains per hour per square foot. 
“PM” is strong; provides a monolithic seal without open seams 
or voids; will provide complete moisture protection for the life of 
the structure. Dampness, condensation, paint and insulation fail- 
ures, etc., can be eliminated = if the structure is isolated from 
the site by a true vapor.seal . . . ““Premoulded Membrane.” 


aa 


Write for complete information. Request your 
free copy of our “Design. Techniques Manual” 
and Catalog No. 1660. _ ° 


W. R. MEADOWS, INC. 
29 KIMBALL STREET 
ELGIN, ILLINOIS 


SEE OUR CATALOG IN SWEETS 9/Me 





products 


concrete gun 


This fully portable gun is capable of both wet 
or dry gunning and pressure grouting for the 
all-around contractor who handles many different 
kinds of jobs. The gun features a skip loader 
which screens sand and cement into separate 
compartments, a built-in water meter variable 
feed control, a feeder providing continuous feed 
from a single outlet. It is operated with a simple 
foot control. Air Placement Equipment Co., 1012A 
West 25th St., Kansas City 8, Mo. 


if you shore concrete= 
THIS NEW CATALOG CAN 
SAVE YOU MONEY! 


Comprehensive new catalog gives 
complete Spanall story—how this 
pre-engineered telescopic steel shor- 
ing can save substantia! time and 
costs on all your poured slab and 
deck work. Let Spanall shoring ex- 
perts engineer your job! 


e Read about this advanced telescopic 


ee 
REX-S 
steel shoring method. ik 


@ illustrates Spanall features for faster, r RR 
easier, safer work. 


@ Shows all types of construction 
where used. 


e Gives erection and stripping 
information. 


e Pictures jobs where Spanall has 
reduced costs. 


pss 
Rex-Spanall, Inc. 
6427 W. Capitol Drive, Milwaukee 16, Wis. 


Gentlemen: Send copy of new 12-page, 
g Spanall catalog. gE 
® 

REX; = 4 

IN scraerseerithemitneninciaitidmatiniuandniinimsntiapadles 
SPANALL py scscess é 
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Subsidiary of 
CHAIN Belt Company | 5 
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hand-hydraulic cutter 


Powered by remote-control, hand-hydraulic 
pumps that force hydraulic fiuid through high 
pressure hose to the ram assembly, this metal 
cutter cuts soft metals through 34-inch diameter. 
It also handles medium-hard metals such as con- 
crete reinforcing rods, brass, copper, aluminum, 
steel, iron and plastics through 5g-inch diameter. 
Independent of outside power sources, it may be 
taken to the job wherever it is: H. K. Porter, Inc., 
Somerville 43, Mass. 


ELASTICRETE / NATIONA 
. ~. Pe = & ax 
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ELASTIZELL 


Ce//ular Concretes are... 


LIGHTWEIGHT e From the extreme low weight, insulating densities to 
the structural weights, Elastizell-type concretes are completely controllable. 


INSULATING e Elastizell-type concretes are highly efficient as thermal 
insulators, offer excellent sound insulating properties, too. 


STABLE e Extremely stable Elastizell-type concretes consistently give 
100 per cent yields. 


ECONOMICALLY PLACED e Easily pumped in all densities. Elastizell- 
type concretes are placed in minimum time, can drastically reduce “cost 
per yard in place.” 


Specify Elastizell-type concrete for roof decks, floor systems, pre- 
cast members, on grade, thermal and sound insulating applications. 


Available through applicators nationwide 
ELASTIZELL corporation OF AMERICA 
120 PARK PLACE * ALPENA, MICHIGAN re 


Also distributors of NATIONAL-CRETE Liquid and Equipment Manufactured by Notional Foam System, Inc. 














36 HALF-ARCH CONCRETE SECTIONS, site-cast then crane erected and tied by 
welded plates, form clear span, armadillo-shaped ice rink in Tarzana, Calif. 


Thin shell concrete toroid houses skating rink 


A CORRUGATED TOROID of reinforced 
concrete, the first such structure in 
America, proved to be an economical as 
well as unique enclosure for a California 
ice rink. The 4” thick shell has a 100’ x 
180’ base and is made up of 36 sections, 
cast on site. Arch of the toroid tapers 
from 32’ at center to. 24’ at ends. 

Each’ 10’ wide half-arch is corrugated 
and curved in two. directions. Its base 
rests on a 20” dia. x 23’ deep concrete 
pile, poured in place. Welding plates, 
cast into the centerline end, were welded 
to their companion sections. 

Double curvature of the panels ruled 








out conventional forming. Casting pit 
was formed with an abel mound of 
earth left in the center. This mound was 
shaped into four beds, surfaced with con- 
crete and plastered smooth. Nine pro- 
gressively shorter panels were cast atop 
each other in each bed. 

The problem of over-slumping in the 
concrete was solved after several trial 
mixes. The answer was a mix of 3g” top 
size aggregate with additive for work- 
ability. Compressive strength was 3,000 
lbs. at 7 days. 

Shell and foundation cost only $49,000. 
Total construction costs were $108,000, 


PANELS WERE CAST in pancake 
stacks in four sculpted earth beds. 
Inserts for strongbacks were placed 
with reinforcing steel. 


little more than $6 per sq. ft. Concrete 
was delivered. to exact specification by 
truck mixers of certified design, capac- 
ity, mixing speed and water control 
accuracy. 


ie 
MIXER 


mE 





You have a right to insist on this Rating 
Plate. It certifies compliance with the 
high industry standards which are main- 
tained for your protection by the 


TRUCK MIXER MANUFACTURERS BUREAU 


Bilaw-Knox Company 
Pittsburgh, Pa. 

Chain Beit Company 
Milwaukee, Wis. 
Chalienge—Cook Bros., Inc. 
Los Angeles, Calif. 
Concrete Transport Mixer Company 
St. Louis, Mo. 
Construction Machinery Company 

Waterloo, lowa © 
Hercules Galion Products, Inc. 
Galion, Ohio 
The — Machine Company 

lumbus, Ohio 













CRANES POSITIONED both panels of each arch 
and butted them for welding. After all panels 
were erected, dowels spanning 16” wide pour 
strips between panels were spliced and welded. 
The pour strips were gunited to follow the con- 
tours of the shell. Contractor: Rains-McLellan 
Corp. Architect: Carl Maston, AIA. Structural 
engineer: Richard R. Bradshaw. 


The T. L. Smith Company 
Milwaukee, Wis. 
Whiteman Manufacturing Company 
Pacoima, Calif. 

Willard Concrete Machinery Co., Ltd. 
Lynwood, Calif. 


Worthington Corporation 
Plainfield, N. J. 
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Keyed Kold Joint Forms 


A new concrete construction product that serves 
as form, screed, and true cold joint, left perma- 
nently in the concrete floor slab. The use of 
Keyed Kold Joint eliminates spalled joints. . . 
produces a cold joint structurally sound and ar- 
chitecturally beautiful. Keyed Kold Joint also 
eliminates costly make-up and stripping of split 
forms for checkerboarding. Saves up to 35% in 
cold joint form costs... results in neater, uni- 
form joints. 


BURKE 


U. S. PAT. NO. 2848929 


Burke Concrete Accessories, Inc., 2690 Harrison Street, San Francisco 10, Calif. 


PLEASE SEND BOOKLET ON KEYED KOLD JOINT FORMS 


TD sicicintstientninaritigiriniitrientattninenicriaatenarasipittistiniceimatinaseniiaimmndnasiiingeaiianicaiiinbiainiitieadiiieidaiitiee 
State 
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BURKE CONCRETE ACCESSORIES, INC. 


SAN FRANCISCO 10, CALIFORNIA « 2690 Harrison Street 


LOS ANGELES 22, CALIFORNIA « 6235 E. Telegraph Road SAN DIEGO 10, CALIFORNIA « 3602 W. El Camino Del Rio 


OAKLAND 21, CALIFORNIA « 36 Hegenberger Court 
SACRAMENTO 15, CALIFORNIA « 1730 Lathrop Way 
SAN BERNARDINO, CALIFORNIA e 225 South 1 Street 


SEATTLE 4, WASHINGTON « 2015 Airport Way 
PORTLAND 9, OREGON « 2344 N. W. 2ist Avenue 
ALBUQUERQUE, NEW MEXICO « 604 Louisiana Bivd., S.E. 


ADVERTISERS INDEX 


Burke Concrete Accessories 
2690 Harrison St.—San Francisco, Calif. 


Frank D. Davis Co 
3285 E. 26th St.—Los Angeles 23, Calif. 


Dewey & Almy Chemical Div 
Cambridge 40, Mass. 
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Portland Cement Association 
33 W. Grand Ave.—Chicago 11, Illinois 


Rex-Spanall, Inc 
6427 W. Capitol Drive—Milwaukee 16, Wis. 


Richmond Screw Anchor Co 
816-838 Liberty Ave.—Brooklyn 8, N. Y. 


Sika Chemical Corp 

35 Gregory Ave.—Passaic, N. J. 
Stow Manufacturing Co 

354 Shear St.—Binghamton, N. Y. 


Symons Clamp & Mfg., Dept. H-1 
4271 Diversey Ave.—Chicago 39, IIl. 


RAymond 3-6411 


235 & 240 
Dickens 2-5141 
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1355 Market St.—San Francisco, Calif. 


Truck Mixer Manufacturers Bureau 
Munsey Bldg.,—Washington 4, D. C. 


Universal Form Clamp Co 
1238 N. Kostner Ave.—Chicago 51, Ill. 


UNderhill 3-1963 


Edwin L. Wiegand Co 38 


7779 Thomas Blvd.—Pittsburgh 8, Pa. CHurchill 2-6400, 
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